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Knowledge of sex ratios in bird populations is a key
aspect of species’ life histories. Sex allocation is subject
to multiple influences (Hardy 2002), females being able
to adjust the offspring sex ratio according to diverse social,
parental, and environmental conditions (Bensch 1999).
According to the theory of sex-ratio allocation (Fisher
1958), parents should allocate an equal amount of resourc-
es to each sex because half of all genes are passed on
through the male and half through the female. This means
that because exactly half the parental effort (e.g., food)
provided to offspring should go to males and females,
the sex with the greatest nutritional needs should be pro-
duced in lower relative numbers.
In most raptor offspring, females are larger than males,
and the former often outnumber males, at least partly,
because of their supposed superiority in competition for
food in the nest (Lack 1954, Yom-Tov and Ollason 1976).
When individuals of one sex are more costly than the other
to produce and/or to raise successfully (e.g., Bednarz and
Hayden 1991, Appleby et al. 1997, Krijgsveld et al. 1998),
as in dimorphic species, sex ratios may differ from equality.
For example, a resource shortage may make it impossible
for parents to supply the nestlings with the optimal
amount of food, where optimal amount is defined by the
relationship between nestling size and reproductive suc-
cess (Smith and Fretwell 1974).
Information on the sex ratio of owls is scarce (Mikkola
1983, Blanco et al. 2002, Duncan 2003) and sometimes
contradictory. For example, female Common Scops-Owls
(Otus scops) seem to control the production of daughters
and sons in relation to laying order (Blanco et al. 2002),
but Ho¨rnfeldt et al. (2000) showed no relationship be-
tween hatching order and offspring sex ratio in Boreal
(Tengmalm’s) Owl (Aegolius funereus). In addition, physi-
cal condition of parents seems to affect offspring sex ratio
in Tawny Owls (Strix aluco), female-biased clutches being
more frequent in those territories with more abundant
prey (Appleby et al. 1997). Female Ural Owls (Strix uralen-
sis) produce more males in poor food conditions (Brom-
mer et al. 2003). Finally, Hipkiss et al. (2002) and Hipkiss
and Ho¨rnfeldt (2004) observed high interannual variation
in the hatching sex ratio of Boreal Owl and a significant
correlation between favorable food supply and a female-
biased sex ratio. Such differences in the offspring sex ratio
may be due to the different characteristics of life-histories
of different species, as well as the role that local factors
may play in sex allocation of the young (Desfor et al.
2007). For this reason, studies on characteristics and po-
tential factors determining the sex ratio of owl populations
are needed.
To our knowledge, no information exists on sex ratio of
Eurasian Eagle-Owl (Bubo bubo) populations. Eagle-owls,
the largest owls in Europe (1.5–4 kg) exhibit reverse sexual
dimorphism and hatching asynchrony (Mikkola 1983).
Thus, they may have a mechanism for sex allocation
(Olsen and Cockburn 1991), as females may be able to
manipulate the sex of their nestlings depending on the
environmental conditions. We studied the secondary sex
ratio of the offspring (i.e., estimated after embryo mortal-
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ity and/or after some nestlings have died during the first
days after hatching; hereafter ‘‘sex ratio’’) in an eagle-owl
population in southern Spain. We predicted that during
the later breeding attempts of the year or within low-qual-
ity breeding sites (i.e., under less favorable food condi-
tions), females should more frequently produce males,
the less costly sex (Velando 2002, Velando et al. 2002,
Sasva´ri and Nishiumi 2005).
METHODS
Our study was conducted during the 2003–07 breeding
seasons within the Sierra Norte of Seville (Sierra Morena
massif, southwestern Spain), a hilly area ranging between
60 and 200 m asl (see Penteriani et al. 2005a). This area is
characterized by patches of abundant European rabbits
(Oryctolagus cuniculus), the main prey of the eagle-owl in
Mediterranean habitats (Delibes and Hiraldo 1981).
Breeding densities of eagle-owls are extremely high, reach-
ing about 40 breeding territories per 100 km2. In this re-
gion, egg-laying may start as early as mid-December, and
clutch size can vary from 1 to 5 eggs, with both these
extremes being quite rare.
Measurement of Reproductive Data. Nests were found
using a combination of direct and indirect methods (see
Penteriani et al. 2004 for more details), including: (1)
passive auditory surveys at sunrise and sunset, when the
vocal activity of adults was most intense; (2) passive audi-
tory surveys of calling young during the entire night, from
when nestlings were ca. 40 d old until the end of July
(when juveniles begin dispersal in our study area); and
(3) searches of rocky areas to detect nests, pellets, and
feeding perches. The majority of nests were on the ground
or on very accessible cliffs, which allowed for easy record-
ing of reproductive data with minimal disturbance.
Because of the risk that females abandon their eggs or
small nestlings when disturbed (V. Penteriani and M. Del-
gado unpubl. data) and because very young nestlings can-
not thermoregulate, we avoided checking the nests early in
the breeding season. As a trade-off between the risk of nest
desertion and the possibility that biases in determining the
hatching order may result from sexual size dimorphism if
nests are only observed when owlets are 30–40 d old, we
generally examined the broods during the first two weeks
after hatching, when the effect of hatching asynchrony
predominates over that of sexual dimorphism (see also
Penteriani et al. 2005a).
We collected blood samples (2 mL) from the brachial
vein when nestlings were ca. 30–35 d old. Blood samples
were stored in tubes with heparin at 4uC until arrival at the
laboratory, where they were centrifuged for 10 min at
4000 rpm; plasma was separated and stored at 278uC.
Egg-laying date was estimated indirectly by using the age
of nestlings, following Penteriani et al. (2005a).
Sex Ratio of Nestlings. We sexed the nestlings by mo-
lecular procedures using DNA extracted from the blood
(Griffiths et al. 1998). We calculated the average sex ratio
of 101 nestlings (n 5 45 broods) belonging to 22 distinct
nests/territories. Sex ratio was defined as the number of
males divided by the total number of individuals (i.e.,
males/[males + females]).
Capture of Adult Owls. We captured breeding males
(n 5 10) by simulating a territorial intrusion using a taxi-
dermic mount and a playback of a male call. A net behind
the mount caught responding individuals. Females (n5 3)
were trapped with a bownet (Northwoods Limited, Inc.,
Rainier, Washington) placed in the nest when nestlings
were 20–35 d old. Nestlings were put in a box with a metal
grid making them visible to their parents, who were caught
when they returned to the nest. After each bownet trap-
ping session (which lasted from sunset to sunrise), we fed
nestlings and released them in the nest. We measured
body mass (to the nearest 10 g, with 1 kg Pesola scales)
and tarsus length (using a digital caliper, 60.1 mm).
We used the adult blood samples (2 mL, taken from the
brachial vein) to measure parent owls’ biochemical param-
eters (i.e., hematocrit values, cholesterol, triglycerides and
free glycerol, uric acid, urea, and total proteins concentra-
tions), and four immune measures of stress and health
(i.e., total leukocyte count, proportion of the different
types of white blood cells, heterophiles: lymphocytes ratio,
and intensity of two species of Haematozoa parasite).
Determination of Adult Diet. Following Penteriani et al.
(2005b), we evaluated the percentage biomass of rabbit by
repeated nest visits to collect prey remains and pellets and
by direct observations at sunset and sunrise. Prey remains
and pellets were identified by macroscopic comparison
with reference collections. We estimated live biomass by
using direct measurements, mass data from the study area,
and bibliographic sources (Lourenc¸o 2006).
Rabbit Surveys. We estimated a yearly index of rabbit
abundance using line transects, an effective method to
compare the densities of abundant species among differ-
ent zones and/or periods (Fitzner et al. 1977, Telleria
1986). Two censuses per year (in December and April,
when rabbit density is the lowest and the highest, respec-
tively) were done along a same line transect of 25 km
crossing the study area. The census, performed by car
(driving speed 5 20 km/hr) and by the same observer,
started one hour before sunset, a peak time for rabbit
activity (Villafuerte et al. 1993).
Statistical Analysis. We tested whether: (1) the observed
sex ratio differed significantly from the null expectation
(proportion of males 5 0.5), using the binomial test (Har-
dy 2002), and (2) the sex ratio fitted a binomial distribu-
tion (i.e., the distribution predicted by evolutionary theo-
ry; see Hardy 2002 for more details). Statistically significant
results of one or both of these tests could be indicative of
nonrandom variation in the sex-ratio distribution.
Secondly, and following Krackow and Tkadlec (2001),
we used a GLMM to test whether the sex ratio (as depen-
dent variable) of the study population was correlated to:
(1) the egg-laying date; (2) year; (3) clutch size; (4) hatch-
ing order; (5) the quality of the breeding site, as measured
by two parameters (the amount of rabbit in the parent
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owls’ diet and the yearly index of rabbit abundance); and
(6) several parameters of parents’ quality. Morphological
parameters were summarized into a biometrical index
(Body Condition Index) estimated by a reduced major axis
(RMA) regression (Green 2001), using logarithm of both
body mass and tarsus length. Additional measures of bio-
chemical parameters, immune responses, and parasite
loads (see above) were also included as variables.
The statistical analyses were performed with SAS proce-
dure GLIMMIX. Our dependent variable showed a bino-
mial distribution, and hence it was modeled using binomi-
al distribution and the default logit-link function. We
considered nest and year as random effects. The model
was built through a forward stepwise procedure in which
the least significant terms or interactions were sequentially
added until we obtained a minimal adequate model that
retained only effects significant at the 5% probability level
(Crawley 1993). All statistical analyses were performed with
SAS and SPSS software.
RESULTS AND DISCUSSION
The population we studied exhibited a nestling sex ratio
of 0.53 (P5 0.6; binomial tests), which differed significant-
ly from the binomial distribution (x2100 5 116.1; P ,
0.003), suggesting a possible parental control of sex allo-
cation.
The GLMM analysis indicated that the sex-ratio of this
Eurasian Eagle-Owl population was influenced only by the
egg-laying date (F 5 9.27, P , 0.05; all other parameters
P . 0.1). That is, when an earlier laying occurred, a great-
er number of female nestlings were raised to ca. 35 d old.
Moreover, when laying occurred later in the year, a greater
number of male nestlings were raised. A relationship be-
tween laying date and the offspring sex-ratio has been
found in other bird species. For example, Andersson et
al. (2003) showed that laying date and offspring sex ratio
were highly correlated in Common Sandpipers (Actitis
hypoleucos). Similarly, laying date and laying sequence also
influenced the sex ratio of Crimson Rosella (Platycercus
elegans; Krebs et al. 2002), and the bias in offspring sex
ratio in Little Grassbirds (Megalurus gramineus) was also
highly correlated with the laying date (McIntosh et al.
2003).
Females may adjust the sex ratio of their clutch accord-
ing to their ability to withstand the costs of reproduction.
Under conditions of high food availability, females’ phys-
ical conditions are improved and, therefore, they may start
breeding earlier and be more able to obtain the necessary
prey to raise female nestlings. This conforms with the
Trivers and Willard’s hypothesis (1973), which holds that
vertebrates may vary the sex ratio of their offspring in
response to the mother’s physical condition (but see
Krackow 2002). Other owl species, like the Ural Owl and
the Boreal Owl, lay their eggs earlier in the year and pro-
duce a greater number of female than male nestlings when
food availability is high (Brommer et al. 2003, Hipkiss and
Ho¨rnfeldt 2004). However, we cannot dismiss the possibil-
ity that later pairs produce a higher proportion of the less
costly sex because food availability will predictably de-
crease as breeding season advances, this being particularly
critical for late breeders (i.e., eagle-owls may adjust sex-
ratio according to food availability during the nestling-
rearing period rather than in relation to their own condi-
tion).
Finally, because we did not collect information on off-
spring mortality prior to DNA sampling, the increasing
number of males in late broods might also be due to dif-
ferential mortality at the beginning of the nestling phase
(i.e., relatively more females dying in late broods).
COCIENTE SECUNDARIO DE SEXO EN BUBO BUBO:
HEMBRAS QUE SE REPRODUCEN MA´S TEMPRANO
PRODUCEN MA´S HIJAS
RESUMEN.—El bu´ho Bubo bubo es un depredador noc-
turno con ligero dimorfismo sexual invertido. Con el fin
de determinar el cociente de sexos de la descendencia,
analizamos muestras de sangre de 101 pollos correspon-
dientes a 45 puestas, de 22 nidos pertenecientes a la po-
blacio´n de B. bubo de la Sierra Norte de Sevilla (sur de
Espan˜a; 2003–07). Aunque el cociente de sexos de nuestra
poblacio´n durante todos estos an˜os fue 1:1, las parejas que
comenzaron a criar antes produjeron ma´s hembras. Admi-
tiendo que los pollos que son hembras son ma´s grandes y
que son el sexo ma´s costoso, podemos suponer que estas
parejas producen ma´s hembras debido a la alta disponibi-
lidad de recursos tro´ficos durante las crı´as ma´s tempranas.
[Traduccio´n del equipo editorial]
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